Trapping of neutrinos in extremely compact stars containing trapped null geodesics is studied. We calculated the ratio of produced to trapped neutrinos in the simplest model of uniform density stars. This gives the upper limit on trapping coefficients in real objects.
Introduction
Trapped null geodesics are concentrated around the stable circular geodesic.
2, 3 We suppose that neutrinos have zero mass and can move along null geodesics in the situations when the neutrino mean free path exceeds the star radius R. Considering the internal Schwarzschild spacetimes, we use the effective potential related to the impact parameter to calculate the ratios of trapped to produced neutrinos.
Internal Schwarzschild spacetime, effective potential and impact parameter
The line element of internal Schwarzschild spacetimes of uniform density 1 reads
The temporal and radial components of the metric tensor are given by the formulae
and in geometric units c = G = 1 there is
where R is the radius and M is the mass of the object. The parameter a represents the curvature of the internal Schwarzschild spacetime. Due to the existence of two Killing vector fields, the temporal ∂/∂t one, and the azimuthal ∂/∂φ one, two conserved components of the 4-momentum must exist:
Because the motion plane is central, one can set θ = π/2 = const, choosing the equatorial plane. The motion along null-geodesics is independent of energy (frequency) and can conveniently be described in terms of the impact parameter ℓ = L/E. The radial motion is restricted by an effective potential related to ℓ by
is the effective potential of the null-geodetical motion in the internal (external) Schwarzschild spacetime 4 (see Fig. 1 ).
Escaped to produced neutrinos ratio
We assume that neutrinos are locally produced by isotropically emitting sources. Then escaped-to-produced-neutrinos ratio depends on a geometrical argument only and it is determined through directional escaping angle Ψ e given by sin Ψ e (r, R) = 3
Let N p , N e and N b denote the number of produced, escaped and trapped neutrinos per unit time of an external static observer at infinity. In order to determine the global correction factors
it is necessary to introduce the local correction factor for escaping neutrinos at a given radius r ∈ (r b(e) , R). The escaping solid angle is given by Ω e (Ψ e ) = 
and the escaping (trapping) correction factors ǫ(r, R) (β(r, R)) are given by
The coefficient β(r, R) determines local efficiency of the neutrino trapping (see Fig. 2 for behavior of local (left) and global (right) trapping coefficients). The global escaping (trapping) coefficients are given by integrating the local production rate and escaping (trapping) coefficients through the star, and its trapping zone, respectively. 5 We assume local production rate uniformly distributed through the star from the point of view of local observers but it is not uniform as viewed by distant static observers.
